This paper provides a basis for crop structure adjustment and selection of suitable growth period varieties in Hunan Province of China, and improves the predictive capacity of Hunan's abnormal frost disasters to defend against frost disasters effectively. Using the frost date data of 97 meteorological monitoring stations in Hunan Province from 1951 to 2017, statistical analysis was carried out on the variable characteristics of frost days, initial and final frost days and frost-free periods. The NCEP/NCAR data were used to study the circulation characteristics of the province's frosty weather by linear and polynomial fitting methods to show that: 1) The frost days decrease −0.1 d/a from December to January. 2) The inter-annual rate of change in the initial and final frost days and frost-free period is large, and the average first frost day showed a delayed trend (0.13 d/a). The average final frost day showed an early change trend (−0.12 d/a), and the average frost-free period showed an extended trend (0.22 d/a). 3) The frosty weather in Hunan Province has obvious geographical distribution characteristics. The first frost day showed distribution characteristics of "early in the east and later in the west", and the final frost day showed the distribution characteristics of "early in the south and later in the north". The frost-free period showed the distribution pattern of "long in the south and short in the north". 4) The circulation characteristic values of the frosty days are as follows: 500 hPa East Asian trough is stable, and the temperature field has a cold tongue of −40˚C. The −12˚C line is located in south part of Hunan and the 0˚C line of 850 hPa is stretched to Hubei. Meanwhile, the ground has cold high pressure, and the center pressure is greater than 1025 hPa. These findings could be used for adjusting crop structure, select suitable varieties for growth in Hunan and predicted abnormal How to cite this paper: Li
Introduction
Frost, similar to the freezing weather of rain and snow, is a severely affected weather in China (Lin et al., 2000; Wu et al., 2003; Shen et al., 2003) , especially for crops. For example, in 1996, severe frost occurred in southern China. Many tropical crops suffered serious damage and lost billions of dollars. In 1982, the frost in the middle and lower reaches of the Yangtze River caused the freezing rate of Hunan Changde decreased to 80% (Song & Cai, 2007) ; in 1999, most of Fujian Province After suffering from the most serious frost disaster in decades, the province's crops affected by disasters and disasters reached 26.0, 221,000 hectares respectively, and the economic losses amounted to several hundred million yuan (He & Wu, 2012) .
Regarding the frosty weather and climate background, many scholars have carried out research on frost weather in the country (Ye & Zhang, 2008; Du & Ning, 2006) . For example, Xu et al. (2009) studied the variation characteristics of the Chinese frost period from 1957 to 2006. Some provinces such as Qinghai (Chen et al., 2009) , cities such as Guangzhou and Dalian (Wen et al., 2010; Wang et al., 2008; Pei et. al., 2007) also carried out statistics and diagnosis on the region. Shen et al. (2018) study the characteristics of the early frost on the Sanjiang Plain and the mutation index. There are also many frosts abroad. There are also many studies on frost weather outside of China (Easterling, 2002) . Huang & Wang (2008) introduced the mechanism of detecting frost affecting crops that cause crop damage. The main crops affected by frost weather are cotton, rape, cabbage, spring corn, millet and potato (Li et al., 2012) . In general, frost weather is closely related to daily minimum temperature, precipitation, Xiang to humidity, wind speed, sunshine, total cloud amount and other factors (Duan et al., 2013) . Therefore, although the statistical analysis based on frost weather has been analyzed by many scholars, the research work has mostly been before the early 21st century. Many studies have shown the important role of atmospheric circulation in the weather (Vicente-Serrano et al., 2008; Cheng et al., 2018) , but the analysis of the circulation background of frost weather is still low. It is still necessary to further the frost weather study.
Hence, we used 97 ground-based meteorological observation stations in Hunan Province to observe the daily frost observation data in 2017, and carry out statistical analysis on the climate change characteristics of frosty weather in Hunan Province, and summarize the circulation situation of frosty weather, in order to make the crop structure of Hunan region. Adjusting and selecting the basis for the varieties with suitable growth period has important guiding signific-Journal of Geoscience and Environment Protection ance for improving the prediction ability of abnormal frost disasters in Hunan, effectively preventing frost disasters and increasing crop yield.
Data and Methods

Data
The selected meteorological data comes from the Climate Center of Hunan Province, China. Due to the different time of station construction, there were certain differences in the starting time of each station data, the earliest date is 1951, the latest is 1981, but most of the station data is from the top. It was created in the 1950s. For the convenience of statistics presentation, in the past years, the date of the initial and final frosts is expressed in Japanese order from January 1st, that is, the date of January 1 is 1, and the date of February 5 is 36.
The date of October 4th is 277.
Methods
The frost, the number of days, months, and years were analyzed, and the variation characteristics, extreme values, and persistence analyzed. The trend is shown by linear and polynomial fitting methods. In addition, the date when the first frost occurs during the transition from the warm season to the cold season is the first frost day, and the last frost from the cold season to the warm season is the final frost date, and the day after the final frost date is the first frost. The number of days between the previous days of the date is called the frost-free period. The maximum inter-annual dispersion of the initial and final frost dates and the frost-free period is expressed by the range; the inter-annual rate of change of the initial and final frost dates and the frost-free period is measured by the standard deviation; the province's average time series is the annual data is obtained by arithmetic. The formula for calculating the frost standard deviation of each weather station is as follows:
where, S is the standard deviation, n is the number of samples, x i is the number of frost days per year, which x is the average.
Results and Analysis
Abbreviations and Acronyms
It can be seen from Figure 1 The area with a minimum frost day of more than 10 days is distributed in (2015), Yanling (1957 ), Yong Xing (1959 , Ningyuan (1959) , Jiang Yong (2015), Yizhang (1957), Jianghua (1957, 1991, 1996, 2015) ; from time to time, 1953 time, , 1957 time, In 1959 time, , 1991 time, , 1996 time, , 2000 time, and 2015 were no frost days on the site, mainly in the 1950s and 1990s. Among them, there were up to 7 counties in 1957, followed by 3 in 2015.
Further analysis of the standard deviation of frost days on various county stations in Hunan Province (Figure 3 ), the large standard deviation of frost day is mainly located in the north of Hunan, the southeast of Hunan, and the eastern part of Changsha. The maximum value is in Guidong, Zhangzhou, which is 9.96 days. Secondly, the Pingjiang River in Yueyang City is 9.54 days. More than 8 days have Sangzhi, Nanxian, Mapoling and Shuangfeng, indicating that the frost days in these areas have changed greatly over the years, and the risk is much higher when assessing climate resources. The average frost days in the two regions with large frost dates (Northeast and Southeast) are also noteworthy. The smaller standard deviation of frost day is mainly located in southwestern Hunan and southeastern Hunan. The area less than 6 days is mainly in the south of Xiangxi, the middle and south of Huaihua, the west of Shaoyang and the majority of Yongzhou. The minimum value is 3.77 days in Yongzhou, followed by Xinhuang. 4.30 days, less than 5 days, there are Huitong, Suining, Dao County, so the frost days in these areas fluctuate less, and the risk is relatively small when assessing agricultural climate resources. A fully quantitative risk assessment is more complex (He & Shao, 2011) and is subject to further research.
In 1951 Hunan. The maximum frost day is 54 days, which appeared in 1971, followed by 53 days, in 1958, and the third largest was 48 days, which appeared in 1963. In Yongzhou, where the standard deviation of frost is the smallest, the time change is similar to that of the county station with the annual average frost day and the maximum variance, but the change is relatively small, and the annual standard value of the small standard deviation is also small. The maximum appeared in 1975, 18 days, followed by 16 days, in 1962, and 3rd in 15 days, in 2003. The latitudes of Guidong and Yongzhou are similar, but the maximum number of frost days is more than one month. This is because the topography and elevation have an important influence on the formation of frost.
From the average monthly distribution (see 
Characteristics of Climate Change in the Initial and Final Frost Days and Frost-Free Period
The frosty early and final frost days in Hunan Province also have obvious re- Hunan and the southwest are all mountainous areas. Therefore, the first frosty day is gradually advanced from west to east, and the relationship with topography and latitude is not very close. Hunan's annual average frost-free period shows the distribution pattern of "Northern Short South Long". The northeastern Hunan and southeastern Hunan are below 270 days, and the southwestern Hunan has the longest frost-free period of more than 300 days.
In the southeastern part of Hunan, Guidong has the earliest frost day, the latest frost day, and the frost-free period is the shortest, which may be related to the terrain. Guidong County is surrounded by mountains and has a high altitude. The east is located at the junction of Chongyi County, Jiangxi Province.
The main peak of Qiyun Mountain is 2061.3 meters above sea level, which is the first peak in the county. The main peak of Bamian Mountain at the junction of Xixing and Zixing City is 2042.1 meters above sea level. The temperature varies greatly from day to night, which is conducive to the formation of frost and exists due to different topography and altitude. Obvious geographical differences form a microclimate zone with "one mountain and four seasons, ten different days". Figure 6 shows that Hunan's annual average frost day shows signs of advance, with a climate tendency rate of −0.12 d/a, which was not obvious before the mid-1970s. It was in a relatively late period, after the mid-1970s. There is a clear early trend since the 21st century, and the difference between the earliest and the earliest is 40 days. The annual average frost-free period in Hunan Province is prolonged, and its climate tendency rate is 0.22 d/a. It was in a relatively stable period in the 1950s and 1970s, and the change was not obvious. It was shortened in the 1980s and 1990s, but in the 20th century, there has been a significant fluctuation since the beginning of the decade.
Analysis of the Concept Model of the Province's Frosty Days
The situation of the frost day was analyzed using the NCEP four times a day data At 850 hPa (Figure 7(b) ), the entire East Asian continent is in the ridge of high pressure. The wind field shows that the high-pressure center is located at the junction of Hubei and Hunan, and Hunan is in the high-pressure circulation.
On the temperature field, the eastern coast of China is controlled by the cold trough. It also extends to the south of 25˚N, and the cold and flat flow is strong;
the 0˚C line is located in Hubei.
The mean sea level pressure field (Figure 7(c) ), under the control of cold high pressure in most parts of East Asia, the main body of the high-pressure center (≥1030 hPa area) is located in the middle and eastern part of China. Although
Hunan is not in the range of 1030 hPa, the isobaric line is sparse. Pressure field control, it can be seen that Hunan is within the control range of the ground cold high-pressure circulation. According to the forecasting experience, when the cold high center is located between 26 -30˚N, Hunan is controlled by it, mainly in clear weather, and the nighttime radiation is obviously cooled, which is easy to generate frost.
The study found that the corresponding background situation of different frost days is basically similar to the provincial frost day (figure omitted), but there are subtle differences between the north and south positions of the characteristic line (such as 850 hPa 0˚C line and sea level pressure 1030 hPa line).
Conclusion and Discussion
In summary, based on the statistical analysis of Hunan Frost Day data from 1951 to 2017, the following conclusions are made. The frosty weather in Hunan
Province of China has obvious geographical distribution characteristics, with the northeast to southwest trend decreasing from north to south. The northern and southeastern high-altitude mountainous areas are more prone than the southwestern part; the first frost day gradually shifts from east to west. Also, the final frost day gradually delays from south to north.
The spatial distribution characteristics of the average frost day and the maximum frost day are basically the same, and gradually decrease from the northeastern Hunan to the southwestern Hunan, but the southeastern Hunan also has a larger center; while the smallest frosty day is more in Xiangbei, Xiangxi and Xiangnan but as mall distribution.
The annual average frost day of Hunan has a slight decreasing trend with time series as the station with the largest standard deviation of the annual frost day has the largest amplitude, and the station with the smallest standard deviation of the annual frost day has the smallest amplitude but basically of similar magnitude. Frosting appears mostly from December to January, but most frequently in late December.
The standard deviation of frost changes in the southeastern part of Yueyang, the eastern part of Changsha and the eastern part of Zhangzhou where it is highest, while the standard deviation of frost on the southern part of Xiangxi Prefecture, the middle and south of Huaihua, and the majority of Yongzhou is Journal of Geoscience and Environment Protection the least, as the standard deviation is large. The area is relatively risky for agriculture, while the area with a small standard deviation is least risky.
A preliminary analysis of the characteristics of the meteorological circulation in the province's frosty days in Hunan Province shows that the 500 hPa East Asian trough is stable because there is a cold tongue of −40˚C in the northeastern part of the temperature field, and the −12˚C line to the southern part of Hunan.
At 850 hPa, the lake located in the high-pressure circulation, has strong cold advection, as the 0˚C line is pressed to the north of Hunan cold high-pressure control.
